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♦ tistrai-l Synthesis of lead iitanate (PbTiO,) and baiium (itanalc (BaTiO^) based coinposiles dispersed in a pie/oolecliit polyiriei (PVDP) h.ive
n uiuleiTaken The composites were lorincd iisirii’ siniered PbTiO^ and BaliO, powdci disfX'Tsed in PVDP ;^M;uuiles usin^ diinelhylloniiiamide iDMF) 
' sr.i '. i^lvenJ Smooth (thick ~ 1 mm) lilms ol PbliO/PVDF’ and Ha'hO/PV'^DF were made 'Ihe fioled lilms were usc'd toi eanyinj> out pie/oeleeliu 
' ' diclc'-tric measurements Ihe results indicate that the measured values of dielectric constant and pic/oelectiie ctiaige const,mii (d,,) wcic
. mtlnenced by the lelalive pioportions of tht‘ two constituents ami the poltnj; conditions
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I. In tro d u c tio n
i ‘ic rapid growth of polym cr/ccram ic com posites has 
\oiiii)ont/ed many areas of science and technology because 
if lias led to the discovery of many new engineering materials. 
!he concepts of composites to be used in electronic devices 
have been neglected ftn many years However, m the recent 
ars the development of p ic/oeleclnc polymer/ceramic 
^'uiposites have opened new avenues for their applications m 
uhmarine, biomedical engineering, fishing mduslry, etc 
l^tc/oclectnc pro|sertics exhibited by some pic/ocicctnc polymers 
and Its composites made with ceramic are being exploited in a 
number of electromechanical transducer applications such as 
'thralion and stress sensors, etc. This is because of their 
uuproved p>rr>pcriies over the individual constituents in the 
i^'dnposiic systems with a continuous polymer medium and 
ceramic dispersoid. Such composite systems arc easy to mold 
h'l.) various shapes. In addition, Ihcir properties can he tuned 
' * our requirement by changing the proportions of the 
’^ 'f^nstituents.
during the last few years, many pie/oelectnc ceramic-polymer 
'^omposites with different connectivity patterns have been
 ^ ^'rresponding A uthor
fahricaicd 11 4j Among them, 0-3 type of connectivity is one of 
tile most commonly used configurations primarily due to its 
ease of fabrication coupled with its reasonably good properties. 
The lead /irconalc tilanale (PZ'l) based composites has assumed 
great significance because t)f the development of eleelncally 
at'tivc composites. The need for such composites arose because 
the conventional ceramic such as PZT is brittle in naluic having 
poor acoustical matching and does not possess good hydrostatic 
response. Mtkst o( the work in ihis field, has been confined to 
the development of underwater aeousiiL hydrophones f'oi low 
frequency range (< 40 kHz) Hydrophones made out of polymer/ 
ceramic composites have remarkably higher values of sensitivity 
as compaicd to then ceramic counterparts.
A lot of w ork has been done i)n P/T/ep(^xy composites hut 
not much has been reported on lea<.l tilanate (FWiO^) or barium 
titanale (Ba’fK^^) based composites 15-7). The present paper 
describes the structuraL dielectric and piezoelectric properties 
of PbTiO^/f*VDFand BaTiO/PVDF composites.
2. E x p e rim e n t
PbTiO, and BaTiO, were grounded with PVDF (Polyscicnccs, 
Ine. USA) in required weight propoitions. Tlic composite mixture 
was dissolved in dim ethylform am ide (DMF) at room
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te m p e ra tu re . T h e  s lu r ry  w a s  h o m o g e n iz e d  a n d  p o u re d  o n  to  a  
g la s s  su b s tra te  a n d  h e a le d  in  a  d u s t free  o v e n  at I lO^’C  fo r  2 
h o u r  to  g e t a  s m o o th  tr a n s lu c e n t film  (1 m m  th ic k )  o f  P b T iO ^ / 
P V D F  a n d  B a T i O , / P V D F  c o m p o s i t e s .  F o r  d ie l e c t r i c  a n d  
p ic /o c ic c tr ic  m e a su re m e n t the c o m p o s ite  film  w as cu t in to  c ircu la r 
p ie c e s  o f  1 .3 c m  d ia m e te r  a n d  s ilv e r film  w as v a c u u m  e v a p o ra te d  
o n  b o th  s id e s  o f  th e se  c o m p o s ite s  to  m a k e  a A g -c tn n p o s iie -A g  
s tru c tu re . D ie le c tr ic  m e a s u re m e n ts  w e re  d o n e  by  a  H P  4 1 9 2 A  
L F  Im p e d a n c e  A n a ly /x r .  1 'h e  te s t s p e c im e n s  w e re  p o le d  u s in g  
h ig h  d c  f ie ld  at an  e le v a te d  te m p e ra tu re  T h e  p ic /o e le c t r i c  
p a ra m e te r  d  w a s  m e a s u re d  by  u s in g  a B c r lm c o u r t’s d^^ m e te r
3 . R e s u l t s  a n d  d is c u s s io n
F^igure 1 s h o w s  th e  m e a s u re d  v a lu e s  o f  d ie le c tr ic  c o n s ta n t at 
1 k H z  as  a  fu n c tio n  o f  c e ra m ic  c o n te n t  fo r  P b 7 'iO /P V D F  a n d  
B a T iO y P V D F  c o m p o s ite  at 3(X) K . 'Fhe d ie le c tr ic  c o n s ta n ts  o f  
b o th  th e  c o m p o s ite s  c o u ld  b e  c o n tro lle d  by  a d ju s tin g  th e  ra t io  
o f  th e  c o n s t i tu e n ts .  I 'h e  re s u lts  c a n  be  e x p la in e d  by th e  re la tio n  
p ro p o s e d  b y  Y a m a d a  et al [ 8 ] fo r  th e  c o m p o s ite  sy s te m , w h ic h  
IS g iv e n  as
~  F | | l  -f-[//r/(C 2 "“ F j ) /  (n€[ + ( ^ * 2  -  Fj ) ( 1  ““ ^/))]}» ( 1 )
w h e re  n is th e  p a ra m e te r  a ttr ib u te d  to  the sh a p e  o f  the  e ll ip so id a l 
p a r t ic le s , q is th e  v o lu m e  fra c tio n  o f  th e  e ll ip s o id a l p a r t ic le s , F, 
is  th e  p e rm it t iv i ty  o f  th e  c o n tin u o u s  m e d iu m  a n d  f 2 
p e iT n ittiv ily  o f  th e  e ll ip s o id a l p a n ic le s . T a k in g ^ h e  v a lu e s  o f  £*j =  
lO fo r P V D K  £*2 = 3 1 0 fo rP b T iO ^ a iK U %  =: 1 3 (K )fo rB a T iO ,a n d  
th e  v a lu e  o f  ;i, c h o s e n  a s  8  to  fit e q . 1 ; th e  d ie le c tr ic  c o n s ta n t of 
th e  c o m p o s i t e s  w a s  c a lc u la te d .  T h e  c a lc u la te d  v a lu e s  o l 
d ie le c tr ic  c o n s ta n t at 1 k H z  a rc  in g o o d  a g re e m e n t w ith  th e  
o b s e rv e d  e x p e r im e n ta l  v a lu e s  as  c a n  be se e n  fro m  F ig u re  1.
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Figure I. Variation of dielectric constant (^ ')  as a function of ceramic 
content measured at IkHz and 300 K The calculated values of dielectric 
con.stant using eq. (1) are shown by solid lines for both the composites.
F ig u re  2 s h o w s  th e  m e a s u re d  v a lu e s  o f  d ie le c tr ic  lo s s  a s  a  
fu n c tio n  o f  te m p e ra tu re  in  th e  ra n g e  0 - 13()‘'C  at 1 k H z  fre q u e n c y  
fo r  5 0 /5 0  c o m p o s ite s  o f  P b T iO ,/P V D F  a n d  B a T iO ^ /P V D E  It is 
e v id e n t  f ro m  F ig u r e  2  t h a t  e"  in c r e a s e s  w i th  in c r e a s e  in  
te m p e ra tu re . H o w e v e r  th e  in c r e a s e  is  m o re  in  c a se  o f  P b T i0 3 /
P V D F  c o m p o s ite .  T h e  C u r ie  te m p e ra tu re  ( T . ) o f  P bT iO ^ and 
B aT iO ^ arc  49CPC an d  1 0 5 X  rc.sjK 'ctivcly 11). T h e  g lass  tran.suuyn 
te m p e ra tu re  (T g )  o f  P V D F  is —  30^*C. In  th e  c a se  o f  B a'I i ( ) ;  
P V D F  c o m p o s ite  a  re la x a tio n  in  £*" versus te m p e ra tu re  spectra 
is o b s e rv e d  in  th e  te m p e ra tu re  ra n g e  9 0 -1 2 0 ”C , w h ic h  m ay he 
d u e  to  th e  lo w  T  o f  B aT iO ^ . In  th e  ca.se o f  P b T iO ^ /P V n i 
c o m p o s ite , a  re la x a tio n  is o b s e rv e d  in th e  te m p e ra tu re  ran g e  l(j 
6 0 ‘'C , w h ic h  is  a t t r ib u te d  to  th e  m o le c u la r  m o t io n s  ol ih; 
c ry s ta ll in e  re g io n s  o f  th e  p o ly m e r  c h a in . T h is  re la x a tio n  is m t 
o b s e rv e d  in B a T iO /P V D F ' c o m p o s ite . T h e  h ig h  tcm peratu ii. 
re la x a tio n  o f  P b T iO ^ /P V D F  c o m p o s ite  is n o t o b se rv e d  whieh 
m a y  be d u e  to  h ig h  o f  P b T iO ,.  T h e  h ig h  v a lu e  o f  e "  at Imrij 
te m p e ra tu re s  m a y  e f f e c t iv e ly  b e  d u e  to  io n ic  c o n d u c tiv ity . Tlu 
d ie le c tr ic  lo s s  p ro c e s s  is o b v io u s ly  re la te d  to  th e  m olecuL u 
n a tu re  o f  th e  p o ly m e r. T h e  c e ra m ic  p h a se  m a y  p ro v id e  added 
c o n tr ib u t io n s  o f  in te r fa c ia l  e f f e c ts  d u e  to  its p rc .sence in ilit 
a m o rp h o u s  p h a se  o i th e  p o ly m e r  [9 ],
Figure 2. Variation of dielectric loss ( f " )  as a function of tcinperatui' .i 
1 kHz, lor SO/50 ratio of both the composites
T h e  v a r ia tio n  o f  as a fu n c tio n  o f  c e ra m ic  c o n te n t l u 
b o th  th e  c o m p o s ite s  a re  sh o w n  in F ig u re  3 . T h e  v a lu e  ol t/^ 
in c re a se s  at a fa s te r  ra te  in  th e  b e g in n in g  a n d  th e n  s lo w s  dov  ii
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Figure 3. Variation of piezoelectric charge con.stant (r/,,) as a function ot 
ceramic content
a t h ig h e r  c e ra m ic  p e rc e n ta g e  in  b o th  th e  c o m p o s ite s . T h e  e f le d  
o f  p o lin g  f ie ld  o n  d^  ^ is s h o w n  in F ig u re  4 . B o th  th e  com posiU ’s 
w ere  p o le s  a t 150 X  fo r  10 m in u te s . T h e  fac t th a t th e  d^^  parameicr 
is s till in c re a s in g  p o in ts  o u t th a t th e  p o lin g  is  s till in c o m p lc it ’
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[ Ins can be ex p la in ed  in lerm s o f  the fact that the Held acting  
,111 an iso la ted  sp h er ica l p artic le  is  g iv e n  by
=  £o[-^^i / ( f 2 + 2f | ) ] ,  (2)
\\hcrc £2 d ie le c tr ic  co n sta n ts  o f  the spherica l
p ic/'oclcctric g ra in s and the p o ly m e r  m atrix , £(, is  ex tern a lly
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||'ii*iiiT 4. Variation of pic/oolcctric charge constant (d^^) as a lunction of 
polisig field Both the composites were poled at 150 C lor 10 min
.-pplied Ticld. For 0 -3  c o m p o s ilc  o f  P b T iO ^ /P V D F a n d  B a T iO /  
1A [ )F; w here f* 2 =  3 1 0  for P b T iO ,, t* 3 “  130 0  for BaTiO^ and i: j 
iO lor PVDf% the e lec tr ic  Held a ctin g  on  the gram  is very sm all. 
Ivpically for an ap p lied  fie ld  o i 5 0  KV, the actual fie ld  
.KMing on the grain is 1.13 K V  in case  t)f B a T iO /P V D F 'co n ip o s ite  
■inJ 4 M  K V  in c a se  o f  P b T i03/P V D F  c o m p o s ite , w h ich  are far 
low ci than the actual a p p lied  p o lin g  v o lta g e . T he ca lcu la ted  
. aiucs o f  £  ( 1.13  K V for B aT iO ,/P V D F ' and 4 .5 4  K V  lor PKl l O /  
]’\  1)1 co m p o s ite s )  are in su ffic ien t for carrying out t h e p o lm g o f  
ihc co m p o sites  sa tisfactor ily . U se  o f  coron a  d ischarge to a ch iev e  
h c t i c i  p o lin g  resu lts has b een  su g g es ted .
4. Conclusions
riie  d ie lec tr ic  b eh av ior  o f  the c o m p o s ite s  can  be ex p la in ed  w ell 
by Y am ada’s relation  [8]. w h ich  fu rn ish es a u n ique m ethod  to  
tailor th ese  c o m p o s ite s . T h e p resen t study in d ica tes that the 
e ffe c t iv e  tie ld  a ctin g  on  the grain is a fraction  o f  the actual 
ap p lied  fie ld , w h ich  puts an upper lim it on  the c o e ff ic ie n t  
u sin g  co n v en tio n a l p o lin g  m eth o d s. T h is  p o in ts out the fact 
that a ltern a tiv e  tech n iq u e  su ch  as c o ro n a  p o lin g  sh o u ld  be  
adopted  for g ettin g  better ch aracter istics o f  th ese  co m p o site s .
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